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Why do we care?

Trees are an increasingly 
important part of stormwater 
management
• Washington D.C. – 46% tree canopy 

reduces need for 949 million ft3 of 
stormwater retention. This saves $4.7 
billion over 20 year span

• Garland, TX – models suggest if trees 
removed city would have to contend 
with 19 million additional cubic feet of 
stormwater

• California Central Valley – For every 
1,000 trees, stormwater is reduced by 
1 million gallons

https://nepis.epa.gov/Exe/ZyPDF.cgi/P100H2RQ.PDF?Dockey=P100H2RQ.PDF 

“…inadequate research quantifying the urban tree contribution to 
rainfall/runoff processes limits their promotion by stormwater managers” 
Kuehler et. al., 2016
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Conceptual Model

• Measure 

–Runoff

–Precipitation

–Evapotranspiration

–Infiltration

–Storage

• Model 

– i-Tree

Urban Hydrologic Cycle:

R = P – E – I - S

✓ Determine volume of stormwater urban trees keep out of storm drains

✓ Use microclimate data to improve predictive capability of i-Tree



Area (sq. ft.)
CONTROL 

(Holly)
% of 
Total

TEST 
(Birch)

% of Total

Total area 219,215 -- 458,277 --

Tree canopy 54,567 25% 129,219 28%

Tree canopy over impervious 23,475 43% 39,338 30%

Tree canopy over pervious 31,092 57% 89,880 70%

Impervious cover 120,935 55% 191,309 42%

Pervious cover 98,280 45% 266,968 58%

Preliminary Information – Subject to Revision. Not for Citation or Distribution



Surface Runoff

Birch Tree

Holly Tree

Hawthorne



Climate Inputs and Losses

• Precipitation

• Solar radiation

• Wind speed

• Relative Humidity

• Air temperature

Potential Evapotranspiration (PET)
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Preliminary Information – Subject to Revision. Not for Citation or Distribution



Sub-surface flow



Sub-surface flow 

Soil moisture in vertical profile allows 

us to see how much and how fast 

water infiltrates into the soil. We can 

also detect when trees and grass 

consume water during dry periods



Groundwater Monitoring

Changes in groundwater level can 

indicate water consumption as roots 

tap into deeper sources of water



Aboricultural Water Consumption

By measuring the ratio of heat 

transported between two 

symmetrically placed temperature 

sensors, the magnitude and 

direction of water flux can be 

calculated

Sap flow sensors



Sap Flow Measurements

Velocity of sap movement 

within ash trees shows limited 

sensitivity to soil moisture 

changes in the top 1 foot of the 

soil profile, likely due to 

abundant moisture during 

summer 2018.  Weather 

conditions are the dominate 

driver of temporal variation in 

transpiration.

Source: William Avery

Preliminary Information – Subject to Revision. Not for Citation or Distribution



BT– 1 (Ash) BT– 2 (Ash) BT– 3 (Maple)

HT– 2 (Maple) HT– 3 (Ash) HT– 4 (Ash)

Source: William Avery

Preliminary Information – Subject to Revision. Not for Citation or Distribution



Processing sway signals

Source: Dominic Ciruzzi



BT1

HT3

HT4

Source: Dominic Ciruzzi

Preliminary Information – Subject to Revision. Not for Citation or Distribution



Canopy Interception
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Precipitation Retained in Canopy (inch)

Canopy Interception

Shaded

BT1

BT2

BT3

HT2

HT3

HT4

Statistic Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Kuehler et 
al. (2016)

Mean (inch) 0.09 0.19 0.08 0.15 0.18 0.13

0.07 – 0.15

avg. = 0.14 (29%)

Median 
(inch)

0.12 0.12 0.06 0.09 0.09 0.11

avg. = 0.10 (30%)

Preliminary Information – Subject to Revision. Not for Citation or Distribution



Modeling (i-Tree)

U.S. Forest Service will use data collected as part of this study to 

improve the predictive capabilities of the i-Tree model. Other 

communities around the country can then better simulate the 

ecohydrologic benefits of trees. 



Outreach


